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Abstract
Lobo/Broa reservoir research was established in 1971 as a model of limnological and ecological research 
in aquatic ecosystems in Brazil.  The present paper describes the ecological dynamics of the reservoir, 
the climatological and hydrological interactions, limnological factors and the responses of the aquatic 
biota to the forcing functions mainly of precipitation and wind.  It also emphasises management issues 
and technologies, and processes developed to control eutrophication.  Ecosystem services are described.
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Introduction
The association of research, planning and management 
of natural resources is a powerful strategy for countering 
and overcoming the environmental changes that the 
growth of population, industrialisation and urbanisation 
have caused.  Ecological research provides knowledge 
of the fundamental principles of terrestrial and aquatic 
ecosystem functioning, which can be applied to the 
conservation and restoration of ecosystems and, by 
providing a robust understanding of ecological processes, 
to sound environmental planning (Tundisi 1987, 1990).
Reservoirs in São Paulo State, Brazil, provide an 
example of a continuous economic development based 
upon the production of abundant hydropower.  Over 
the last 50 years, some large reservoirs (with volumes 
of between 2 and 5 km3) have been commissioned to 
meet the increased demand for energy.  Clearly, these 
have been integral to Brazil’s economic development 
and population growth.  The geographic placement of 
these artificial ecosystems also illustrates their value as 
indicators of watershed uses and the diverse impacts of 
human activities (Tundisi & Matsumura-Tundisi, 2012).
Prior to the construction of these large reservoirs, 
development depended upon a generation of rather 
smaller reservoirs – UHEs (Usina Hidroeletrica) with 
volumes of 5 million to 30 million m3 constructed in São 
Paulo State.  These artificial ecosystems remain in use 
for irrigation, recreation, sport fishing and small-scale 
hydroelectricity production (up to 2 MW).  They are 
typically shallow (average depths from 3 to 5 m) and are 
relatively unaffected by eutrophication; they are easily 
accessible, offer opportunities for sampling and, thus, 
have served as convenient systems for scientific study.
The UHE Carlos Botelho (more familiarly known 
either as Represa do Lobo or Broa Reservoir or, for 
convenience, referred to in the scientific literature as 
Lobo-Broa Reservoir), Itirapina, São Paulo, Brazil, was 
selected in 1971 for a programme of ecological research. 
The principal objectives of this programme were: 
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• To obtain scientific information on processes and 
functioning mechanisms and the coupling of 
climatological, physical, chemical, biological and 
hydrological factors on a long-term basis.
• To study the main interactions in the watershed 
(including human impacts), such as the inputs 
of allocthonous material in the rivers, land/water 
interrelations, and the hydrological cycle.
• To study hydrodynamic characteristics of the 
reservoir, such as turbulence effects, circulation, and 
advection patterns.
• To introduce ecological modeling approaches that 
could be used for prognosis, mainly related to 
eutrophication planning, and management strategies.
• To develop management in order to prevent or 
correct possible eutrophication effects and to provide 
background information on multiple uses.  To 
develop a management plan for the watershed and 
the reservoir with emphasis on processes.
• To utilise this model as an approach for capacity 
building at various levels. 
• To introduce a methodological system in limnological 
and ecological research that could be of comparative 
use in other regions of Brazil.
Several features of the Lobo-Broa Reservoir 
and its watershed proved advantageous: 
• The reservoir is shallow (mean depth 3 m) and is 
polymitic only with occasional thermoclines; this 
simplifies the case study.
• The reservoir is small (volume 22 000 000 m3) and well 
mixed, with only two spatial compartments.
• Retention time is short (less than 20 days).  
• Nutrient input from point sources can be controlled 
by sampling the six tributaries that discharge into the 
reservoir.
• The watershed is relatively well protected in terms 
of enhancing conservation measures.  The area of the 
watershed is relatively small approximately (230 km 2).
Fig. 1.  The location of Lobo/Broa watershed and reservoir in Brazil, São Paulo State.
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Latitude 22°15’S
Longitude 47°49’W
Maximum Length 7 km
Maximum width 2 km
Average width 0.9 km
Maximum depth 12.0 m
Average depth 3.2 m
Surface area 6.8 km2
Perimeter 21 km
Volume 22 x 106 m3
Area of watershed 230 km2
Maximum altitude 940 km
Average altitude 770 km
Minimum altitude 680 km
Table 1.  Morphometric characteristics of the Lobo/Broa reservoir.
Fig. 2.  Broa reservoir showing sampling stations, morphometry, limits of macrophytes, subdivisions, and direction of prevailing winds 
(From Tundisi, 1977).
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Fig. 3.  Soils of the Lobo/Broa watershed.
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Lobo/Broa reservoir is today a ‘site’ of long-term 
ecological study: PELD (Pesquisas Ecologicas de 
Longa Duração – Long-Term Ecological Research) 
of CNPq (Conselho Nacional das Pesquisas).
The present paper presents an overview of the 
limnological studies that have contributed to present 
perceptions of the ecology of a shallow, low-latitude lake.
General background
The location of the watershed is shown in Fig. 1; the location 
of the reservoir and its main morphometric characteristics 
are summarised in Table 1 and Fig. 2.  The area of the 
Lobo–Itaqueri watershed is approximately 230 km2 with a 
drainage density of 0.75 km/km2.  The maximum altitude is 
800 m.  Basin declivity is 0.00575 m/m.
The local climate is characterised by alternating dry and 
wet periods, the wetter period falling in summer and autumn, 
and the winter and spring seasons being mainly dry.  Annual 
precipitation is around 1500 mm per year. Temperatures are 
typically between 15 °C and 17 °C during the coldest winter 
month (July); in the warmest summer month (January), 
water temperatures between 21 °C to 23 °C are recorded. 
Potential evapotranspiration is between 500 mm to 1000 mm 
per year.  According to the Koppen classification, the climate 
is described as ‘warm with a dry period’ (Tundisi, 1994) 
The watershed is dominated by holocenic sandy 
sediments.  In the lowland areas, hydromorphic and organic 
soils predominate.  Soils derived from basalt intrusion occur 
in some areas of the watershed, as red soil hotspots (Fig. 3).
Figs 4 & 5 show, respectively, satellite imagery 
of the whole watershed and a detail of the reservoir. 
The natural vegetation is characteristically a savanna 
type, the Cerrado, typical of the continental regions 
of Brazil, consisting of bushes and trees adapted to 
a long (six months) dry season with periodic fires. 
Water chemistry and nutrient 
cycles
Given the hydrogeochemical character of the watershed, 
the ionic strength and the nutrient content of the water 
of Lobo-Broa Reservoir are correspondingly low.  The 
ionic composition in summer and winter is shown in 
Tables 2 & 3.  Phosphorus and nitrogen concentration 
are also relatively low.  The average of total phosphorus 
for two years’ sampling (2012 and 2013) was 40.18 µg P 
L-1; the average total nitrogen for this same period was 
0.44 mg N L-1.  As the reservoir is polymictic, with a high 
degree of oxygenation, much phosphorus precipitates 
to the sediment as ferric phosphate.  Only occasionally 
phosphorus is released to the water column in some spots 
Fig. 4.  The reservoir and its watershed. Fig. 5.  An overview of Lobo/Broa reservoir.
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of the reservoir that are anoxic for brief periods (of two to 
three hours) (Chalar & Tundisi, 1999).
The sediment is composed mainly of organic matter, 
covering about 80 % of the bottom area of the reservoir. 
However, due to the circulation process of the reservoir the 
net sediment contribution to nutrient cycling is low.  The 
phosphorus cycle of Lobo-Broa Reservoir is summarised in 
Fig. 6.  It is paralleled by the nitrogen and carbon cycles.  As 
ANION CONCENTRATION - SUMMER
Fluoride Chloride Nitrite Bromide Nitrate Sulfate
(µg.L-1) (mg.L-1) (µg-N.L-1)  (µg-L-1) (µg-N.L-1) (mg-S04-2.L-1)
100 % Light 20.63 2.65 <L.D. 2.08 3.15 0.12
75 % Light 7.88 2.52 <L.D. 2.08 2.83 0.11
50 % Light 4.56 3.45 <L.D. 2.08 5.22 0.16
11.02.09 25 % Light 10.08 3.54 <L.D. 2.08 2.48 0.19
10 % Light 11.97 3.00 <L.D. 2.28 2.62 0.21
1 % Light 6.77 3.80 <L.D. 2.08 6.39 0.20
Aphotic 23.54 3.84 <L.D. 2.57 0.81 0.29
ANION CONCENTRATION - WINTER
Fluoride Chloride Nitrite Bromide Nitrate Sulfate
(µg.L-1) (mg.L-1) (µg-N.L-1) (µg.L-1) (µg-N.L-1) (mg-S04-2.L-1)
100 % Light 33.22 2.02 <L.D. 3.84 42.82 0.14
75 % Light 26.42 1.60 <L.D. 3.84 113.24 0.15
50 % Light 30.68 1.48 <L.D. 3.84 9.07 0.10
10.08.09  25 % Light 50.12 1.61 <L.D. 3.84 111.94 0.12
10 % Light 45.35 1.33 <L.D. 3.84 131.98 0.18
1 % Light 55.29 1.15 0.53 3.84 149.00 0.16
Aphotic 40.54 1.34 <L.D. 3.84 4.65 0.10
Table 2.  Concentrations of the main anions, in summer and winter at different light penetration depths, at a station located in the deepest 
part of the reservoir (12 m).
Table 3.  Concentrations of the main cations, in summer and winter at different light penetration depths, at a station located in the deepest 
part of the reservoir (12 m).
CATION CONCENTRATION - SUMMER
Lithium Sódium Ammonium Potassium Magnesium Calcium
(µg.L-1) (mg.L-1) (µg-N.L-1)  (mg.L-1) (mg.L-1) (mg.L-1)
100 % Light  0.16 1.51 0.30 0.45 0.27 0.12
75 % Light 0.08 1.46 1.18 0.51 0.26 0.10
50 % Light 0.08 1.83 0.59 0.56 0.28 0.12
11.02.09 25 % Light <L.D. 1.90 0.59 0.55 0.30 0.13
10 % Light 0.08 1.72 0.30 0.55 0.29 0.12
1 % Light 0.08 2.02 0.30 0.58 0.29 0.13
Aphotic 0.08 2.05 0.30 0.54 0.30 0.13 
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CATION CONCENTRATION - WINTER
Lithium Sódium Ammonium Potassium Magnesium Calcium
(µg.L-1) (mg.L-1) (µg-N.L-1)  (mg.L-1) (mg.L-1) (mg.L-1)
100 % Light <L.D. 1.22 15.97 0.62 0.37 0.82
75 % Light <L.D. 1.27 81.97 0.58 0.30 0.79
50 % Light <L.D. 1.29 1.51 0.57 0.33 0.72
10.08.09  25 % Light <L.D. 1.36 3.62 0.62 0.41 0.95
10 % Light <L.D. 1.22 7.53 0.49 0.41 0.91
1 % Light <L.D. 0.92 8.74 0.55 0.36 0.84
Aphotic <L.D. 1.09 93.73 0.63 0.34 0.81
cont. of Table 3.
Fig. 6.  Conceptual diagram of the phosphorus cycle for Broa Reservoir.  N and C cycles are parallel to the cycle shown.  The reservoir 
is divided into two compartments: A) The part of the reservoir where the macrophytes are signifïcant and are a nutrient trap; B) The 
remaining part, where this state variable (PM) is insignificant and therefore omitted. The 10 state variables are: PS: soluble P; PP: P in 
phytoplankton; PZ: P in zooplankton; PF: P in fish; PD: detritus P; PB: biologically active P on sediment surface; PE: exchangeable P; 
PNE: nonexchangeable P (remains in sediment); P1: interstitial P; PM: P in macrophytes (only compartment B). Forcing functions are 
nonpoint nutrient sources, input (rivers), solar radiation, wind, output (at the dam), and temperature which influences almost all rates (not 
shown).  The 28 numbered processes are: (1) uptake of P by phytoplankton; (2) phytoplankton growth determined by intracellular nutrient 
concentration; (3) grazing; (4) egestion; (5) predation; (6) excretion; (7)–(11) settling; (12) mineralisation; (13) diffusion; (14) uptake; (15)–(16) 
exchange; (17) mineralisation of PB controlled by wind resuspension (18); (19)–(20) inputs; (21)–(22) solar inputs; (23) soluble output; (24)–
(25) phytoplankton outputs; (26)–(27) nonpoint source inputs; and (28) fishery harvests (from Tundisi, 1994).
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the wetland area at the upstream side of the reservoir plays 
an important role in the retention of phosphorus, nitrogen 
and heavy metals, the cycles of P and N in this region are 
closed by the dynamic of assimilation and decomposition 
and assimilation by macrophytes (Medeiros, 2011).
Non-point sources of phosphorus and nitrogen 
emanating from the watershed are controlled by the 
extensive vegetation cover of the watershed.  This is 
represented by well-preserved riparian forests in the 
tributary valleys and, also, the extensive mosaic of 
vegetation that makes up the slope forests.  Wetlands 
in the watershed also have a critical role as buffer 
systems.  The wetland at the upstream reservoir is also a 
regulating factor of considerable importance, removing 
nutrients and heavy metals inputs (Tundisi, 1994).
The total inflow of phosphorus measured from all 
tributaries is equivalent to 52.69 mg m-3 s-1.  Total and 
dissolved metals in the sediment are below detection (by 
atomic absorption spectrophotometric techniques).  Only 
analyses of iron showed significant concentrations, varying 
between 0.14 mg and 0.38 mg Tot Fe kg-1 dry sediment. 
 
The ecological dynamics of the 
reservoir
The phytoplankton community
Lobo/Broa reservoir is polymictic with continuous 
circulation throughout most of the year.  The two main 
forcing functions that drive the dynamics of the reservoir 
plankton are precipitation and wind.  The general 
pattern of precipitation, wind and solar radiation, based 
on a 41-year climatological series at a station located 
on the shore of the reservoir, are summarised in Fig. 7. 
Precipitation contributes nitrogen and phosphorus to 
the reservoir directly but mainly as runoff.  Winds affect 
mainly nutrient recycling and sediment re-suspension, 
as well as having a direct influence on the seasonal 
cycle of the main planktonic component, the diatom 
Aulacoseira italica (Lima et al., 1978).  Wind velocity 
affects both horizontal and vertical movements in the 
reservoir.  Diel mixing patterns depend strongly on wind 
action.  Generally, complete mixing of the water column 
is signified in homogeneous vertical profiles of water 
temperature, dissolved oxygen, chlorophyll and nutrients 
(Tundisi, 1994).  As a consequence of a well-oxygenated 
water column, phosphate levels are high in the sediment. 
The seasonal cycle is influenced, therefore, by the effects 
of precipitation and winds during the climatological 
year.  In terms of resources available for the planktonic 
community, phyto- and zooplankton, Lobo/Broa 
reservoir can be classified as a fluctuating environment, 
according to Reynolds (1997), owing to the periodic 
input of precipitation and wind to mobilise resources. 
The ecosystem is characterised by a permanent state of 
non-equilibrium, maintained basically by climatological 
and hydrological forces operating at high frequency 
Fig. 7.  General pattern of the seasonal cycle of climatological variables 
based on a 41-year series of climatological sampling.
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oscillations, forcing a predominant bottom-up control of 
functioning. 
The regularities in the succession and the cycle of 
events in the seasonal cycle are summarised in several 
papers (Tundisi 1977, Jørgensen et al., 2012; Tundisi & 
Matsumura-Tundisi, 2012).  The vertical distribution of 
phytoplankton groups during summer and winter, as 
presented by Tundisi & Matsumura-Tundisi (2012) are, 
respectively, reproduced in Figs 8 & 9; the data were 
collected from a Fluoroprobe instrument deployed at the 
deepest station in the reservoir (~12.0 m). Bacillariophyceae 
predominated in summer, Chlorophyceae in winter. 
The zooplankton community
Being a shallow lake with a short retention time (<20 days), 
Lobo/Broa reservoir supports a species-rich, abundant 
zooplankton community (Segers & Dumont, 1995).  The 
main frequently occurrent and often abundant species have 
been Ptygura libera, Polyarthra vulgaris, Keratella cochlearis 
and Conochilus unicornis.  The best-represented groups of 
Fig. 8.  Vertical profile of water column showing the distribution of the main phytoplankton groups during summer: Chlorophyceae (green); 
Cyanophyceae (blue); Bacillariophyceae (red) and Cryptophyceae (black).  Measurements were made on different dates in February 2009: 
(a) 11th; (b) 12th; (c) 13th; (d) 14th (from Passerini, 2010).
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cladocerans have been littoral species of the family 
Bosminidae (Bosminopsis deitersi, Bosmina hagmanni) 
and of the Chydoridae, which have been dominant in 
shallower, upstream parts of the reservoir, and other 
limnetic species, such as  Diaphanosoma birgei, Ceriodaphnia 
cornuta and Moina minuta. Among the calanoid copepods 
Calanoida in Lobo-Broa is Argyrodiaptomus furcatus, 
which has been considered to be the major contributor of 
secondary organic production in the Lobo-Broa Reservoir 
(Rocha & Matsumura-Tundisi, 1984).  In 1988, another 
species of calanoid, a population of Notodiaptomus iheringi 
appeared suddenly in the reservoir, to replace 
Argyrodiaptomus furcatus (Rietzler et al., 2002).  Thereafter, 
the occurrence of dominant populations of these species 
has alternated during the year.  Such alternations between 
the adult populations of Argyrodiaptonus furcatus and 
Notodiaptomus iheringi have been attributed to fluctuations 
in the chemical composition of the water: A. furcatus 
is well adapted to the oligotrophic conditions of the 
reservoir, consuming a varied diet comprising diatoms 
and green algae with sizes varying from <20 µm to >20 
µm indicating a wide feeding spectrum.  In the case of 
Fig. 9.  Vertical profile of water column showing the distribution of the main phytoplankton groups during winter: Chlorophyceae (green); 
Cyanophyceae (blue); Bacillariophyceae (red) and Cryptophyceae (black). Measurements were made on different dates in August 2009: (a) 
11th; (b) 12th; (c) 13th; (d) 14th (from Passerini, 2010).
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N. iheringi, ingested foods are always <20 µm, suggesting 
a less versatile spectrum of food resource.  Just as the 
trophic base of Lobo-Broa Reservoir tends to fluctuate, 
so the food availability oscillates between the preferences 
of the two calanoids.  That either species should indicate 
subtle differences in trophic state proved to be useful 
in the study of other large reservoirs in São Paulo State 
and in resolving the extent of their eutrophication 
(Matsumura-Tundisi et al., 2013).
Fig. 10.  Vertical distribution of temperature, dissolved oxygen, pH and the changes of climatological variables during the cold front passage 
over the reservoir.
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The fish community
The native fish fauna of the reservoir was once dominated 
by Astyanax fasciatus and Astyanax bimaculatus, mainly 
planktivores of Cladocera (Barbosa & Matsumura-
Tundisi, 1984).  Other common species in the reservoir 
were Geophagus brasiliensis, a bottom dweller feeding 
on invertebrate larvae and detritus at the sediment 
and detritus. In the tributary rivers of the reservoir, the 
predatory carnivore, Hoplias malabaricus, a carnivore 
predator was found to dominate.  The introduction of 
exotic fish species, Tilapia rendali and Cycla occelari started 
some 20 years ago, and their presence has changed the 
structure of the food chain in the reservoir.  The two species 
of Astyanax disappeared and Geophagus brasiliensis is now 
rare.  Tilapia feeds upon the floating mats of macrophytes 
and Cycla occelaris is a strong carnivore predator.
Aquatic macrophytes
Floating and rooted macrophytic species cover 
approximately 1 km2 at the upstream end of the reservoir 
in dense stands.  These play an important role in the 
metabolism of the reservoir.  Nutrient cycles of phosphorus 
and nitrogen are closed in the stands owing to rapid 
deterioration of organic matter and fixation in the plant 
biomass.  Main macrophyte species are: Mayaca fluviatilis, 
Eichhornia crassipes, Salvinia auriculata, Nymphoides indica, 
Pontederia cordata and Utricularia breviscata.  All species 
show an increase in their nitrogen content during the 
wet season.  Total phosphorus concentrations varied 
depending on season and species.  This nutrient is stored in 
different structures of the plants, the roots being the most 
important for phosphorus retention.
The macrophyte community at the reservoir fulfils 
an important role in the nutrient cycles, and in the 
maintenance of the biodiversity of the reservoir (Medeiros, 
2011).  The dense macrophyte stands are a nursery ground 
for fishes, and support a high diversity of insect larvae.  In 
the sediments of the macrophyte region there are dense 
stands of microbial mats and an association of peryphyton 
and bacteria (Tundisi & Matsumura-Tundisi, 2012).
The role of cold fronts in the ecology of the 
Lobo/Broa reservoir
Cold fronts originating in the Antarctic play a strong role 
in the ecological dynamics of freshwater ecosystems in 
southern and south- eastern South America.  Cold fronts 
reach São Paulo State with a roughly monthly frequency, 
each promoting full vertical mixing in the reservoir and 
homogeneity of temperature, oxygen distribution and 
nutrient concentrations.  Weak thermoclines form before 
and after frontal passage and produce a sufficiently 
atelomictic pattern to impact on phytoplankton succession 
(Tundisi et al., 2010).  Periods of intensive observations 
at Lobo-Broa Reservoir include some periods recording 
hourly vertical profiles of nine variables.  Past work 
(Tundisi & Matsumura-Tundisi, 1995, 2008) had already 
established  that the response of the reservoir in terms 
of the concentration of dissolved oxygen in the water 
column and distribution of filaments of Aulacoseira italica 
was strongly dependent on wind force and direction (see 
Figs. 10 and 11 of Lima et al., 1978).
After the passage of cold fronts, there is a period 
of weak thermal, chemical and biological stratification. 
Climatological data obtained during the cold front passage 
has shown lower air temperature, higher wind speed and 
lower solar radiation.  The response of this reservoir can 
exemplify a process common to other shallow reservoirs 
in southeast Brazil, having implications for management, 
particularly in relation to the population dynamics and 
distribution of cyanobacterial blooms.  Where there 
is an abundance of Cyanobacteria such as Microcystis 
aeruginosa, for example, blooms often occur during a 
calm period following the mixing by the cold-front 
passage (Tundisi et al. 2004, 2006; Morais et al., 2010).
Ecological services
A total of 20 ecosystem services have been identified 
for the Lobo-Broa watershed and reservoir (Periotto & 
Tundisi, 2013).  Quantitative values have been estimated 
at USD 45 623 ha. year-1.  Directly (as recreation and 
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scientific activities) and indirectly (groundwater recharge 
and flood prevention), services are fundamental to the 
economy of the region and indicate the magnitude of their 
loss if not properly managed (Fig. 12).  Recreation and 
tourism, together, is the direct user service with the highest 
estimated quantitative value.  This service depends upon 
environmental quality and, especially, on water quality.
The analyses of interactions between drivers, 
ecosystem services and human well-being indicate that 
the maintenance of local ecosystem services and their 
improvement depend mainly on:
• adequate management of regional economic 
activities, soils uses, integrated development
• the maintenance and improvement of spatial 
heterogeneity along the basin, especially with respect 
to riparian forests, wetlands and mosaics of vegetation
• the control of land use/agricultural activities.
The resilience of the reservoir
Despite the intensive use of the reservoir for tourism and 
recreation, as well as the pressure to increase the area of 
watershed used for agricultural development (such as 
orange plantations and sugar cane production), Lobo-Broa 
reservoir has maintained its main characteristics 
throughout the last 40 years.  There is no evidence of 
continuous eutrophication; only occasional episodes 
of increased nitrogen and phosphorus availability that 
changed the status from oligotrophic to mesotrophic 
conditions have occurred.  The phytoplankton 
community is dominated by Bacilariophyceae and 
Chlorophyceae, and Cyanobacteria appear only as about 
1 % of phytoplankton biomass. 
The maintenance of the water quality is 
demonstrated by a 40-year measurement of 
conductivity: the average conductivity was in the 
range of 10–20 mS.cm-1, evidence of low ionic strength 
and nutrient concentration.  The maintenance of the 
main properties of the reservoir can be attributed to:
• low retention time (<20 days)
• the buffer effects of the large wetland upstream of 
the reservoir with a varied community of rooted and 
floating macrophytes (Fig. 13)
• low nutrient input from the watershed: mosaic of 
vegetation; well preserved riparian forests along the 
tributaries; wastewater treatment plants; educational 
actions with the community and decision makers.
Management issues
As Lobo-Broa Reservoir is firmly established as a meso–
oligotrophic reservoir, one of the main management 
issues has long been how to maintain this status in future. 
Thus, the challenge for appropriate management of the 
Fig. 11.  Reservoir surface before (a)  and during  (b) the cold front. 
Local coordinates: Lat.22 ° 10’ 08,5’’ S; Long. 47 ° 57’ 11,7’’ W (from 
Passerini, 2010).
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watershed and the reservoir addresses the following 
topics:
a)            How to assure a control of eutrophication and maintain 
the meso-oligotrophic characteristic of the reservoir?
b) How to regulate watershed uses that will 
affect the river and reservoir water quality?
c)    How to ensure that legislation, decision making and 
public participation contribute effectively to the 
maintenance of watershed/reservoir dynamics, at 
levels adequate to protect ecosystem resilience capacity.
It was decided to minimise eutrophication by 
installing a wastewater treatment plant located at the 
upstream end of the reservoir, at Itirapina town (25 000 
inhabitants), to minimise discharges into the reservoir. 
The watershed uses were controlled by protecting the 
wetland areas, the mosaic of vegetation, and the riparian 
forest.  This was achieved through enforced legislation 
that was adapted exclusively to the watershed/reservoir 
ecosystem.  Slope forests were protected, tourism 
activities and recreation were regulated, and a long-term 
education campaign was launched with the participation 
of school teachers and volunteers from the general public.
A prognosis based on a eutrophication model 
by Jørgensen (1994) was developed and shown to all 
stakeholders in order to call attention to future disastrous 
events if decisive actions for prevention were not taken 
(Tundisi & Matsumura- Tundisi, 2012).  The prognosis 
showed that reduction and control of phosphorus loading 
would maintain primary production of phytoplankton at 
the same level of approximately 150 mg C m-2 day-1 with 
Secchi disc readings of 1.00 m (euphotic zone ~ 3 m).  The 
control of direct drivers seems to be the best approach for 
Fig. 12 .  Direct and indirect drivers of change in the Lobo Reservoir ecosystem services (adapted from Millennium Ecosystem Assessment, 
2005, from Periotto & Tundisi, 2013).
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management, maintaining the functioning of ecological 
processes through the years.  One failure in the management 
plan was the inability to control the introduction of 
exotic species of fishes but this is a generalised failure 
of all management plans of inland waters in Brazil.
Conclusions 
Besides the practical applications of this research, the 
study of Lobo-Broa Reservoir has contributed several 
inputs to the theory of reservoir functioning as ecosystems: 
oscillations, pulse effects (wind and precipitation), spatial 
heterogeneity and biodiversity, seasonal succession of 
phytoplankton under the influence of forcing functions, 
interactions between watershed and reservoir, controlling 
factors to eutrophication, effect of low retention time on 
nutrient cycles (Tundisi, 1994).
Eutrophication of natural and artificial inland water 
bodies in Brazil is a continuous process that is affecting 
regional and national economies.  Large reservoirs in 
the continent have several uses such as hydropower, 
recreation, tourism and navigation a well as supply of 
food by irrigation, fisheries and aquaculture.  The four 
components, hydropower, recreation, tourism and 
aquaculture, are today the major uses which depend 
upon water quality and eutrophication control (Tundisi 
et al., 2008a, b).  This justifies the effort developed at the 
Lobo-Broa watershed and reservoir.  The study of the 
Lobo-Broa Reservoir and its watershed were developed 
with the aim of promoting an integration of research and 
management in order to serve as model for application to 
other watersheds and reservoirs in Brazil.  Eutrophication 
of large reservoirs near urban centres is now a large-scale 
management problem.  Several contributions of the 
Lobo-Broa watershed study have been developed: the role 
of spatial heterogeneity and mosaic of vegetation as a key 
factor to maintain water quality and control of non-point 
sources of nutrients; the critical role of wetlands as a buffer 
zone in the upstream areas of reservoirs; the ecological 
integrity of the ecosystems, both rivers and reservoirs. 
The control of eutrophication through structural and 
non-structural technologies has also been demonstrated 
by the Lobo-Broa watershed and reservoir project.
The Lobo-Broa project has thus provided a conceptual 
framework for a systemic and holistic approach in 
ecology in Brazil and has introduced the usefulness of 
the regional approach from the theoretical and applied 
points of view.  Several conclusions regarding reservoir 
functioning have been produced as a result of the Lobo/
Broa watershed project and have helped improve scientific 
understanding of larger reservoir systems.  Education and 
capacity building have played a critical role in the process. 
Community participation and involvement of decision 
makers at municipality and state levels have also played a 
role.  The basic problem is to transfer data and knowledge to 
redirect development activities to appropriate alternatives. 
This can be achieved with pressure from local community, 
increased public awareness with environmental education 
programmes, and effective legislation supported by 
an open political system in which social benefits from 
environmental conservation/management activities are the 
key component of the process.  The economic quantification 
of ecological services has also been a critical step forward, 
introducing a new focus not yet considered in the study. 
This focus validated several inputs from the theoretical/
practical study and demonstrated the relevance of the 
project in the context of knowledge of ecological processes, 
conservation, management and integrated development.
Fig. 13.  Wetland at upstream Lobo/Broa reservoir.  This area plays 
a critical role in the control of nutrient cycles in the reservoir.
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